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library (MASS)
rm(1list=1s())
#set.seed(7654)

s =6

n =10

lambda = 1.05
alpha = 0.5
beta = 1.85

real.par = c(beta, lambda, alpha)



simnum = 750
gen.data <- function(n, beta, lambda, alpha, s){
x <- matrix(rep(l,s*n), nrow=s, ncol=n)
for (k in 1:s8){
x[k,] <- rweibull(n, beta, alpha/lambda”k)
}
return(x)
}
x = gen.data(n=n, beta=beta, lambda=lambda, alpha=alpha, s=s)
loglik = function(theta){
11 = c(rep(NA,s))
beta = thetal[l]
lambda = thetal[2]
alpha = thetal3]
for (k in 1:s){
11[k] =n*betaxk*log(lambda)-n*beta*log(alpha)+n*log(beta)+
(beta-1)*sum(log(x[k,]))-(lambda~k/alpha) “beta*sum(x[k,] “beta)

}

11 = -sum(11)
return(11)

}

gradi = function(theta){

cl = c2 =c3 = c(rep(NA,s))

beta = thetal1]

lambda = thetal[2]
alpha = thetal3]
for (k in 1:s){
c1[k] = nxkxlog(lambda)-n*log(alpha)+(n/beta)+sum(log(x[k,]))-
(lambda~k/alpha) “beta*sum((x[k,] “beta)*(log(x[k,])+
log(lambda~k/alpha)))

c2[k] = n*betaxk/lambda-
(betaxk/lambda) * (lambda~k/alpha) “beta*sum(x[k,] “beta)
c3[k] = -(n*beta/alpha)+

(beta/alpha)*(lambda~k/alpha) “beta*sum(x [k,] “beta)
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}

cl = -sum(cl)
c2 = -sum(c2)
c3 = -sum(c3)

return(c(cl,c2,c3))
}
fit = optim(par = c(1,1,1), loglik, gr = gradi,
method = "BFGS", hessian = TRUE)
fit$par
se.par = sqrt(diag(solve(fit$hessian)))
se.par
#### Repeat
eval.fit <- function(rep){
thetafinal = matrix(c(1,1,1), nrow=3,ncol=simnum)
setheta = matrix(c(1,1,1), nrow=3, ncol=simnum)
for (i in 1:rep){
x = gen.data(n=n, beta=beta, lambda=lambda, alpha=alpha, s=s)
loglik = function(theta){
11 = c(rep(NA,s))
beta = thetal[l]
lambda = thetal[2]
alpha = thetal3]
for (k in 1:8){
11[k] = n*betaxkx*log(lambda)-n*beta*log(alpha)+n*log(beta)+
(beta-1)*sum(log(x[k,]))-(lambda~k/alpha) “beta*sum(x[k,] “beta)

}

11 = -sum(11)
return(1ll)

}

#

gradi = function(theta){
cl = ¢c2 = c3 = c(rep(NA,s))
beta = thetal1]

lambda = thetal2]



alpha = thetal3]

for (k in 1:s){
cl1[k] = nxk*log(lambda)-n*log(alpha)+(n/beta)+sum(log(x[k,]))-
(lambda~k/alpha) “beta*sum((x [k, ] “beta) * (log(x[k,])+

log(lambda~k/alpha)))
c2[k] = n*betaxk/lambda-
(betaxk/lambda) * (lambda~k/alpha) “beta*sum(x[k,] “beta)
c3[k] = -(n*beta/alpha)+
(beta/alpha)*(lambda~k/alpha) “beta*sum(x [k,] “beta)
}
cl = -sum(cl)
c2 = -sum(c2)
c3 = -sum(c3)

return(c(cl,c2,c3))
}
fit = optim(par = c(1,1,1), loglik, gr = gradi,
method = "BFGS", hessian = TRUE)
se.par = sqrt(diag(solve(fit$hessian)))
thetafinall[,i] = fit$par
sethetal,i] = se.par
i=i
cat("i=",i, "\n" )
}
return(list(thetafinal, setheta))
}
res = eval.fit(rep = simnum)
##### Estimations, bias, and MSE
estimate = apply(res([[1]], 1, mean)

bias = estimate - real.par

diff = (res[[1]]-real.par)~2

MSE = sqrt(apply(diff, 1, mean))
SE = apply(res[[2]],1,mean)
#Coverage by asymptotic normal distribution:

#nominal level is 0.95
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CIu = res[[1]]+1.96*res[[2]]
CI1 = res[[1]]-1.96*res[[2]]
coveru = CIu - matrix(real.par, nrow=3, ncol = simnum)

coverl = matrix(real.par, nrow=3, ncol = simnum) - CI1
cover.beta = sum(as.numeric(coverull,] > 0 & coverl[1,] >0),
na.rm = T)/simnum

cover.lambda = sum(as.numeric(coverul[2,] > 0 & coverl[2,] >0),
na.rm = T)/simnum

cover.alpha = sum(as.numeric(coveru[3,] > 0 & coverl[3,] >0),
na.rm = T)/simnum

cover.beta

cover.lambda

cover.alpha

estimate

SE

MSE

CIu = CI1 = c(NA,NA,NA)

real.par = c(beta,lambda,alpha)

for(j in 1:3){

CIulj] = estimate[j]l+1.96%SE[j]
CI1[j] = estimate[j]-1.96%SE[j]
+

Clu

CIl
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library(MASS)
rm(list=1s())
#set.seed(7654)

s =6
n = 40
beta = 1.85

lambda = 1.03
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alpha = .
censor = 6

r=1

real.par = c(beta, lambda, alpha)
simnum = 750
gen.data <- function(n, r,censor, beta, lambda, alpha, s){
x <- matrix(rep(l,s*n), nrow=s, ncol=n)
xcensor <- matrix(rep(l,s*n), nrow=s, ncol=n)
xsort <- matrix(rep(l,s*n), nrow=s, ncol=n)
for (k in 1:s8){
x[k,] <- rweibull(n, beta, alpha/lambda”k)
xcensor [k,] <- pmin(x[k,],censor)
r[k] <- sum(as.numeric(x[k,] <= censor))
xsort[k,] <- sort(xcensorl(k,])
}
return(list(xsort, r))
}
xsort = gen.data(n=n, r=r,censor=censor, beta=beta, lambda=lambda
, alpha=alpha, s=s)
r = xsort[[2]]
HeHHHHEHH
loglik = function(theta){
11 = c(rep(NA,s))
beta = thetal[l]
lambda = thetal[2]
alpha = thetal3]
for (k in 1:s){
11[k] = log(factorial(n)/factorial(n-r[k])) + r[k]*kxbetax
log(lambda)- r[k]*betaxlog(alpha)+ r[k]*log(beta)+(beta-1)*
sum(log(xsort[[1]] [k,]))- (lambda~k/alpha) “beta*
(sum(xsort[[1]] [k,] "beta)+(n-r[k])*censor beta)
}
11= -sum(11)
return(1l)
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}
gradi = function(theta){
cl = c2 = c3 = c(rep(NA,s))
beta = thetal[l]
lambda = thetal?2]
alpha = thetal[3]
for (k in 1:s8){
cllk] = r([k]*k*log(lambda)-r[k]*log(alpha)+(r[k]/beta)+
sum(log(xsort[[1]] [k,]))-(lambda~k/alpha) “beta *
sum((xsort [[1]] [k,] “beta)*(log(xsort[[1]] [k,])+
log(lambda~k/alpha)))-(n-r[k])*(lambda~k/alpha) “betax
censor"beta *(log(censor)+log(lambda~k/alpha))
c2[k] = r[k]*betaxk/lambda-(betaxk/lambda)*(lambda~k/alpha) “beta *
(sum(xsort[[1]] [k,] "beta)+(n-r[k])*censor~beta)
c3[k] = -r[k]*beta/alpha +(beta/alpha)*(lambda~k/alpha) “beta *
(sum(xsort[[1]] [k,] “beta)+(n-r[k])*censor~beta)

}

cl = -sum(cl)
c2 = -sum(c2)
c3 = -sum(c3)

return(c(cl,c2,c3))
}
fit = optim(par = c(1,1,1), loglik, gr = gradi,
method = "BFGS", hessian =TRUE)
fit$par
se.par = sqrt(diag(solve(fit$hessian)))
se.par
#### Repeat
eval.fit <- function(rep){
thetafinal = matrix(c(1,1,1), nrow=3,ncol=simnum)
setheta = matrix(c(1,1,1), nrow=3, ncol=simnum)
for (i in 1:rep){
xsort = gen.data(n=n, r=r,censor=censor, beta=beta, lambda=lambda

, alpha=alpha, s=s)
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loglik = function(theta){
11 = c(rep(NA,s))
beta = thetal[l]
lambda = thetal2]
alpha = thetal[3]
for (k in 1:8){
11[k] =log(factorial(n)/factorial(n-r[k])) + r[k]*k*betax
log(lambda)- r[k]*beta*log(alpha)+ r[k]*log(beta)+(beta-1)*
sum(log(xsort[[1]] [k,]))- (lambda~k/alpha) “betax
(sum(xsort[[1]] [k,] “beta)+(n-r[k])*censor beta)

}

11= -sum(11)
return(1l)

}

#

gradi = function(theta){
cl = c2 = c3 = c(rep(NA,s))
beta = thetal1]
lambda = thetal[2]
alpha = thetal3]
for (k in 1:s){
cl[k] = r[k]*k*log(lambda)-r[k]*log(alpha)+(r[k]/beta)+
sum(log(xsort[[1]] [k,]))- (lambda~k/alpha) “beta *
sum((xsort[[1]] [k,] "beta)*(log(xsort [[1]] [k,])+
log(lambda~k/alpha)))-(n-r[k])*(lambda"k/alpha) “beta *
censor"beta *(log(censor)+log(lambda~k/alpha))
c2[k] = r[k]*betaxk/lambda-(beta*k/lambda)*(lambda~k/alpha) “beta *
(sum(xsort[[1]] [k,] "beta)+(n-r[k])*censor beta)
c3[k] = -r[k]*beta/alpha +(beta/alpha)*(lambdak/alpha) “beta *
(sum(xsort[[1]] [k,] beta)+(n-r[k])*censor beta)

}

cl = -sum(cl)
c2 = -sum(c2)
c3 = -sum(c3)
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return(c(cl,c2,c3))
}
fit = optim(par = c(1,1,1), loglik, gr = gradi,
method = "BFGS", hessian = TRUE)
se.par = sqrt(diag(solve(fit$hessian)))
thetafinall[,i] = fit$par
sethetal,i] = se.par
i=i
cat("i=",i, "\n")
}
return(list(thetafinal, setheta))
}
res = eval.fit(rep = simnum)
## Estimations, bias, and MSE
estimate = apply(res[[1]], 1, mean)
bias = estimate - real.par
diff = (res[[1]]-real.par)~2
MSE = sqrt(apply(diff, 1, mean))
SE = apply(res[[2]],1,mean)

## Coverage by asymptotic normal distribution: nominal level is 0.95

CIu = res[[1]]+1.96%*res[[2]]
CI1 = res[[1]]-1.96*res[[2]]
coveru = CIu - matrix(real.par, nrow=3, ncol = simnum)

coverl = matrix(real.par, nrow=3, ncol = simnum) - CI1
cover.beta = sum(as.numeric(coverull,] > 0 & coverl[1,] >0),
na.rm = T)/simnum

cover.lambda = sum(as.numeric(coverul[2,] > 0 & coverl[2,] >0),
na.rm = T)/simnum

cover.alpha = sum(as.numeric(coveru[3,] > 0 & coverl[3,] >0),
na.rm = T)/simnum

cover.beta

cover.lambda

cover.alpha

estimate



RU (pwg50S” Ao

SE

MSE

CIu = CI1 = c(NA,NA,NA)
real.par = c(beta,lambda,alpha)
for(j in 1:3){

CIulj] = estimate[j]l+1.96%*SE[j]
CI1[j] = estimate[j]-1.96*SE[]]
}

CIu

CI1
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library (MASS)
rm(list=1s())
#set.seed(7654)

s =4

n = 150

beta = 1.85
lambda = 1.03
alpha = .95

r =20

real.par = c(beta, lambda, alpha)

simnum = 750

gen.data <- function(n, r, beta, lambda, alpha, s){
x <- matrix(rep(l,s*n), nrow=s, ncol=n)

xcensor <- matrix(rep(l,s*r), nrow=s, ncol=r)

for (k in 1:8){

x[k,] <- rweibull(n, beta, alpha/lambda”k)
xcensor[k,] <- sort(x[k,])[1:r]

}

return(xcensor)

3

xcensor = gen.data(n=n, r=r, beta=beta, lambda=lambda
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, alpha=alpha, s=s)
loglik = function(theta){
11 = c(rep(NA,s))
beta = thetal1]
lambda = thetal?2]
alpha = thetal[3]
for (k in 1:s8){
11[k] = log(factorial(n)/factorial(n-r)) + rxk*betax
log(lambda)- r*xbetaxlog(alpha)+ rxlog(beta)+(beta-1)x*
sum(log(xcensor[k,]))- (lambda"k/alpha) “betax

((xcensor[k,] beta)+(n-r)*xcensor[k,r] “beta)

}

11 = -sum(11)
return(11)

}

H#it##

gradi = function(theta){
cl = c2 = c3 = c(rep(NA,s))
beta = thetal[l]
lambda = thetal[2]
alpha = thetal[3]
for (k in 1:s){
c1[k] =r*k*log(lambda)-r*log(alpha)+(r/beta)+sum(log(xcensor[k,]))-
(lambda~k/alpha) “beta * sum((xcensor[k,] beta)*(log(xcensor[k,])+
log(lambda~k/alpha)))-(n-r)*(lambda~k/alpha) “beta *
xcensor [k,r] “beta *(log(xcensor[k,r])+log(lambda~k/alpha))
c2[k] = rxbetaxk/lambda-(betaxk/lambda)*(lambda~k/alpha) “beta *
(sum(xcensor[k,] "beta)+(n-r)*xcensor[k,r] “beta)
c3[k] = -rxbeta/alpha +(beta/alpha)*(lambda~k/alpha) beta *

(sum(xcensor[k,] “beta)+(n-r)*xcensor [k,r] "beta)

}

cl = -sum(cl)
c2 = -sum(c2)
c3 = -sum(c3)



return(c(cl,c2,c3))
}
fit = optim(par = c(1,1,1), loglik, gr = gradi,
method = "BFGS", hessian = TRUE)

fit$par
se.par = sqrt(diag(solve(fit$hessian)))
se.par
HH#AHHHH AR HHHERAS Repeat
eval.fit <- function(rep){
thetafinal = matrix(c(1,1,1), nrow=3,ncol=simnum)
setheta = matrix(c(1,1,1), nrow=3, ncol=simnum)
for (i in 1:rep){
xcensor = gen.data(n=n, r=r, beta=beta, lambda=lambda,

alpha=alpha, s=s)
loglik = function(theta){
11 = c(rep(NA,s))
beta = thetal1]

lambda = thetal?2]
alpha = thetal3]
for (k in 1:8){
11[k] = log(factorial(n)/factorial(n-r)) + r*k*betax
log(lambda)- r*betaxlog(alpha)+ rxlog(beta)+(beta-1)x*
sum(log(xcensor[k,]))- (lambda~k/alpha) “beta*

((xcensor[k,] “beta)+(n-r)*xcensor[k,r] “beta)

}

11 = -sum(11)
return(1l)

}

HiH#

gradi = function(theta){
cl = c2 = c3 = c(rep(NA,s))
beta = thetal1]

lambda = thetal2]
alpha = thetal[3]
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for (k in 1:8){
c1[k] =r*k*log(lambda)-r*log(alpha)+(r/beta)+sum(log(xcensor[k,]))-
(lambda~k/alpha) “beta * sum((xcensor[k,] “beta)*(log(xcensor[k,])+

log(lambda”k/alpha)))-(n-r)*(lambda~k/alpha) “beta *

xcensor [k,r] “beta *(log(xcensor[k,r])+log(lambda~k/alpha))

c2[k] = r*betaxk/lambda-(betaxk/lambda)*(lambdak/alpha) “beta *
(sum(xcensor[k,] “beta)+(n-r)*xcensor [k,r] “beta)

c3[k] = -rxbeta/alpha +(beta/alpha)*(lambda”k/alpha) beta *

(sum(xcensor[k,] "beta)+(n-r)*xcensor[k,r] “beta)

}

cl = -sum(cl)
c2 = -sum(c2)
c3 = -sum(c3)

return(c(cl,c2,c3))
}
fit = optim(par = c(1,1,1), loglik, gr = gradi,
method = "BFGS", hessian = TRUE)
se.par = sqrt(diag(solve(fit$hessian)))
thetafinall[,i] = fit$par
sethetal,i] = se.par
i=i
cat("i=",i, "\n")
}
return(list(thetafinal, setheta))
}
res = eval.fit(rep = simnum)
## Estimations, bias, and MSE

estimate = apply(res[[1]], 1, mean)

bias = estimate - real.par

diff = (res[[1]]-real.par)~2

MSE = sqrt(apply(diff, 1, mean))
SE = apply(res([[2]], 1, mean)
## Coverage by asymptotic normal distribution: nominal level is 0.95

CIu = res[[1]]+1.96*res[[2]]



CI1 = res[[1]]-1.96*res[[2]]

coveru = CIu - matrix(real.par, nrow=3, ncol = simnum)

coverl matrix(real.par, nrow=3, ncol = simnum) - CIl
cover.beta = sum(as.numeric(coverull,] > 0 & coverl[1l,] >0),
na.rm = T)/simnum

cover.lambda = sum(as.numeric(coverul[2,] > 0 & coverl[2,] >0),
na.rm = T)/simnum

cover.alpha = sum(as.numeric(coveru[3,] > 0 & coverl[3,] >0),
na.rm = T)/simnum

cover.beta

cover.lambda

cover.alpha

estimate

SE

MSE

CIu = CI1 = c(NA,NA,NA)

real.par = c(beta,lambda,alpha)

for(j in 1:3){

CIulj] = estimate[j]+1.96%SE[j]
CI1[j] = estimate[j]-1.96%SE[]]
}

CIu

CI1
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Aabstract

In reliability analysis, accelerated life testing is the most common way to assess a
product’s life. Under such test settings, products are tested at higher than usual levels
of stress to induce early failure. The goal of accelerated life analysis is to utilize the
test data to extrapolate a product’s life distribution and its associated parameters at
a normal stress level.

The current study introduces the geometric process model for the analysis of acceler-
ated life testing with an weibull life distribution under constant stress. By assuming
that the lifetime under increasing stress levels forms a geometric process, we derive
the maximum likelihood estimators of the weibull parameter under three different
censoring schemes: no censoring, Type I and Type II censoring. For each censoring
type, we also derive confidence intervals for the parameters using both asymptotic
distribution and the parametric bootstrap method. The performance of the estima-
tors is evaluated by a simulation study with different pre-fixed parameters.

keywords: Life testing, accelerated, Constant stress, reliability, Type I censored,
Type II censored, Asymptotic distribution, parametric bootstrap.
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